Summary: In metabolomics, rigorous structural identification of metabolites presents a challenge for bioinformatics. The use of collision cross-section (CCS) values of metabolites derived from ion mobility-mass spectrometry effectively increases the confidence of metabolite identification, but this technique suffers from the limit number of available CCS values. Currently, there is no software available for rapidly generating the metabolites' CCS values. Here, we developed the first web server, namely, MetCCS Predictor, for predicting CCS values. It can predict the CCS values of metabolites using molecular descriptors within a few seconds. Common users with limited background on bioinformatics can benefit from this software and effectively improve the metabolite identification in metabolomics. Availability and Implementation: The web server is freely available at: http://www.metabolomicsshanghai.org/MetCCS/.
Introduction
Metabolomics has been emerged as a powerful technique for biological research, however, structural identification of metabolites remains a major challenge for bioinformatics in untargeted metabolomics (Patti et al., 2012) . Recently, ion mobility-mass spectrometry (IM-MS) technique has been introduced to improve the accuracy of metabolite identification in metabolomics (Paglia et al., 2014) . IM-MS can separate different metabolite ions rapidly in gas-phase and generate collision cross-section (CCS) values for rigorous and accurate identification of metabolites (Paglia et al., 2014) . For example, isomeric metabolites that are not identified using exact mass and retention time, can be easily differentiated with their unique CCS values.
The use of CCS values effectively increases identification confidence of metabolites, however, it is restricted by the limited number of available CCS values for metabolites (May et al., 2014; Stephan et al., 2016) . Conventionally, CCS values can be theoretically calculated using sophisticated computational tools like MOBCAL (Campuzano et al., 2012) . But this method requires well-trained computational chemists to operate, and is low efficient which takes at least several days to calculate CCS values for one metabolite. In addition, the relative errors of theoretical CCS values are relatively large, ranging from 3% to 30%, compared to authentic values. Recently, we developed an in silico prediction method that employs the support vector regression (SVR) algorithm to predict CCS values Applications Note for metabolites in IM-MS (Zhou et al., 2016) . The prediction precision of this method has been validated with a median relative error (MRE) of 3%, better than theoretical calculation. However, there is no easy-to-use software available to predict CCS values of metabolites for common users in metabolomics field. Therefore, we developed the first web server, namely, MetCCS Predictor, for rapidly predicting CCS values of metabolites. Users can simply import 14 common molecular descriptors of one metabolite to calculate its CCS values within seconds. In addition, MetCCS Predictor also provides search and match function, which supports users to readily search the CCS values of metabolites in the MetCCS database or match experimentally measured m/z and CCS values with the database for metabolite identification. We believe common users with limited background on bioinformatics and programming skills can benefit from this software, and the predicted CCS values can effectively improve metabolite identification in untargeted metabolomics. Finally, we also find that the prediction method is also applicable for other small chemical compounds like drugs, pesticides, nature products and so on, which may have a broad impact in other fields.
Overview
MetCCS Predictor provides three major functions, including CCS value prediction, MetCCS database search and metabolite match function (Fig. 1a) .
CCS value prediction. MetCCS Predictor can rapidly predict the CCS values of one metabolite within several seconds using imported molecular descriptors.
MetCCS database search. Users can readily search the CCS values of metabolites in the MetCCS database using HMDB ID, SMILES or InCHI identifiers. The MetCCS database contains 35,203 metabolites from HMDB with exact mass between 60 and 1000 Da. For each metabolite, CCS values for five ion adducts in positive and negative modes were predicted, accounting for 176,015 CCS values in total.
Metabolite match. Metabolite identities can be assessed by searching experimentally measured m/z and CCS values within the defined tolerance, but only for those compounds included in the MetCCS database.
Workflow of CCS value prediction
CCS value prediction includes the following five steps (Fig. 1b) .
Import molecular descriptors. MetCCS Predictor uses 14 common molecular descriptors of a compound to predict its CCS values. The list of 14 molecular descriptors can be found in Table S1 . These descriptors can be imported as a CSV file or directly input into the textbox. The example format of CSV file can be downloaded on the web page. The molecular descriptors of the metabolite of interests can be calculated using computational software, such as ChemAxon and ALOGPS.
Check data quality. Imported molecular descriptors are first checked by the software before performing the prediction, including availability of exact mass and the number of missing values. Exact mass is the mandatorily required for the prediction, which is closely correlated with CCS values of metabolites with R 2 value of 0.9268
( Supplementary Fig. S1 ). For certain compounds, some molecular descriptors may be not calculated due to atom compositions or structures of the compound. For example, squalene has no ionizable atoms, therefore no calculated value for acid dissociation constant (pKa). Users can leave these descriptors blank for imputation. However, in MetCCS Predictor, the maximum number of missing values is set as 7.
Impute missing values. Missing values for molecular descriptors are further imputed using K-Nearest Neighbor algorithm (KNN). Specifically, imported descriptors are first integrated with the HMDB, and 10 of the most similar metabolites in HMDB in terms of molecular descriptors are chosen. The weighted average of descriptors from 10 metabolites is calculated and replaces the corresponding missing value. The reliability of imputation method is validated with median relative error of 4.19% using a dataset with a maximum of 7 missing molecular descriptors (Supplementary Fig. S2 ).
Predict 
Implementation
MetCCS Predictor is a web server developed with Python based on Django framework. The SVR prediction method is written in R using the package 'e1071'. The KNN imputation is performed using the R package 'impute'.
Conclusion
MetCCS Predictor is the first web server with a user-friendly interface to rapidly predict the CCS values of metabolites and other small chemical compounds. The use of predicted CCS values effectively increases identification confidence of metabolites, which is highly important for untargeted metabolomics and related research fields.
Funding
The work was supported by National Natural 
